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Fig. 1 Schematic diagram of the structure of vertebrate skeletal
muscle. Taken from SPring-8 home page.

210 © Hgtsk July 2014 Vol.27 No.4

(C) 2014 The Japanese Society for Synchrotron Radiation Research



FEY 721 SEBEBRS X BICL 2 EROEER X/ Z#IED R
- EE iR
1 LA S T/ s
4 S
BRI 55 ;
Céd Ca Ca Ca
Iz ) LsF A -
——hILT L ZEH) — - e
—_ RET
E TRl EmEL
e BRI A o

Fig. 2 Excitation-contraction coupling of vertebrate skeletal
muscle.
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Fig. 3 Mechanism of action of indirect flight muscle and stretch
activation. Taken from SPring-8 home page.
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Fig. 4 Match-mismatch hypothesis of stretch activation, showing 6
actin filaments surrounding one myosin filament. The gray
circles represent actin monomers in the target zone. Small
dots represent the positions of myosin heads, and the large
black circles are the myosin heads that are close enough to
the target zone and can interact with actin.
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Fig. 5 Filament lattice structure of vertebrate skeletal muscle and
insect flight muscle. Left, vertebrate skeletal muscle; right,
insect flight muscle. The black and gray circles represent the
myosin and the actin filaments, respectively.
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Fig. 6 Effect of removal of troponin-I extension on the intensity
profiles of equatorial reflections in bumblebee flight muscle.
Taken from ref. 10.
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Fig. 7 X-ray diffraction pattern from demembranated insect flight
muscle (giant waterbug), showing the positions of the 111
and 201 reflections.
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Fig. 8 Setup for recording fast X-ray movies from the flight mus-
cles from live bumblebees while beating. Taken from ref. 13.
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Fig. 9 One of the movie frames showing the wing-beat of a bumble-
bee, recorded from its front. Taken from ref. 13.

Fig. 10 One of the X-ray diffraction movie frames recorded from a
single bee. Taken from ref. 13.
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Fig. 11 One of the X-ray diffraction movie frames made by sum-
ming data from 9 bees and re-orienting so that the equator
for DLM is horizontal. The regions of interest in the pattern
are magnified in boxes. Taken from ref. 13.
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Fig. 12 Results of analysis of X-ray diffraction movies as shown in
Fig. 11. The intensity changes and muscle length changes
are plotted for 2 wing-beat cycles. The muscle length or the
intensities of reflections are plotted for each muscle (DLM,
above; DVM, below) against the phase of wing-beat in
degrees, after normalizing with respect to their maximal
amplitudes. Top row; muscle length (maximal amplitude
~29%); middle row, 102 (black), 211 (dark gray) and 311
(light gray) reflections; bottom row, 111 (black) and 201
(gray) reflections. The error bars indicate SEM (n=9).
Taken from ref. 13.
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Fig. 13 Result of model calculation, showing the regions within the
unit cell of the myofilament lattice, in which 111 is stronger
than 201 (+) or vice versa (—) when a mass is present
there. Taken from ref. 13.
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Mechanism of high-frequency wing beat of
insects as revealed by high-flux synchrotron

radiation X-ray

Hiroyuki IWAMOTO
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1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo 679-5198, Japan

Japan Synchrotron Radiation Research Institute, SPring-8
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Abstract Thisreview article describes the results and implications of the study that pursued the mechanism
of action of flight muscle of insects, whose wing-beat frequencies can reach 1,000 Hz in some
species, by using high-flux synchrotron radiation X-ray beams generated by SPring-8.
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